This study was performed to determine the distributions of radionuclides ( 
Introduction
As it is known, natural radioactive substances in the soil are constant sources of human irradiation (terrestrial radiation). According to periodic reports published by The United Nations Scientific Committee on the Effects of Atomic Radiation (UN-SCEAR), the average part of radiation coming from natural sources equals to 2.4 mSv/y, whereas the share of radiation from artificial sources is 0,8 mSv/y (UNSCEAR, 2000; Dhawal et al., 2013) . Thus, 75% of total radiation affecting human health falls on natural radiation sources. Consequently, the great importance of studying the existing natural radiation of radioactive sources and assessment of radiation hazards is quite apparent. The major exposure to radiation caused by soil radiation comes from the upper layer of the soil (Dhawal et al., 2013; Hussain and Hussain, 2011) , in which the sources of radioactivity are 238 U, 232 Th, their decay products and radionuclide 40 K. Radiological impact of natural radionuclides on humans is mainly expressed by gamma radiation affecting the body, as well as by radon and the processes caused by inhalation of its decay products (Hussain and Hussain, 2011) .
Natural radioactivity of the soil and ionizing gamma radiation coming from soil depends on the concentration of natural radionuclides it contains, while the latter depends on soil forming parent rock and other forming factors (UNSCEAR, 2000; Dhawal et al., 2013; Alaamer, 2008) . In general, relatively increased radioactivity are associated with igneous rocks and the decreased e with sedimentary rocks. However, there are some exceptions: for instance, some shales and phosphates show relatively high content of radionuclides. Igneous rocks, namely, sialic rocks (especially granitoids) contain a relatively higher concentration of natural radionuclides than ultramafic and mafic rocks (UNSCEAR, 2000; Dhawal et al., 2013) .
In Georgia granitoids are occurred in axial region of Caucasus Main Ridge, as well as crystal massifs of Dzirula, Khrami and Loki. At this stage, Khrami massif as a study area was selected for our research. During the selection, some other important factors, apart from the spread of granitoids, were considered, such as: the existence of populated localities, agricultural and mining (of natural industrial materials) activities etc.
Material and methods

Area under research
The territory selected for this research covers 20 km 2 of Tsalka municipality in Kvemo Kartli region (Fig. 1) . According to existing geological data (Geological map, 1995) the most widely spread rocks here are: Late Variscan granitoids building Khrami crystal massif, granodiorites, gneisses, adjacent and partly overlapping continental basaltic lava of Neogene and Quaternary of calc-alkaline series, continental and shallow marine volcanoclastic rocks, and other (Fig. 2) . As for soils, the most widely spread ones on the territory under research is black soil (Soil map, 1999).
Sampling and processing
The sampling scheme was selected according to spread of rocks, allowing the determination of the correlations between research parameters and geological and geographical features of the area.
Totally 19 samples were collected from the territory. All samples were taken in the distance from populated localities and buildings or other infrastructural constructions, in order to exclude the occurrence of endemic soil or any other materials in the samples to the greatest possible extent.
To get a generalized picture of radionuclide distribution and formation of background radiation by means of existing sampling methodology on the research territory, so called "envelope" method was selected (Resolution #35, 2014) , according to which, five samples (30e40 meters away from each other) in each sampling site were taken ( Fig. 3 ) and averaged by means of mixing (i.e. totally 95 samples were taken). Table 1 shows geographical coordinates recorded on the central point of sampling site and shows agricultural purpose of the soils and the soil parent material. The distance between sampling sites was 600e800 meters on average. Sampling took place at the depth of 15e20 cm under the surface of the soil. The primary processing of samples took place on site (removing stones and roots from the soil samples) and as a result 200e250 grams of soil fractions was obtained.
For laboratory measurements the samples were further prepared with well approved methods (Dhawal et al., 2013; Hussain and Hussain, 2011; Alaamer, 2008; Kessaratikoon and Awaekechi, 2008) 
Laboratory research
A well approved gamma-spectroscopy method was used to determine activity concentrations of radionuclides in soil samples. Measurements was made at the Applied For measurements was used semiconductor (detector), based on high-purity germanium (HPGe) crystal (manufacturer CANBERRA; detector model: GC3018; crystal model: CP-5SL; S/N: 07079313). The spectrometer was calibrated for energy by acquiring a spectrum from radioactive standard sources of known energies like 60 Co (1332 keV, 1773 keV) and 137 Cs (662 keV). HPGe detector was coupled with a Canberra multichannel analyzer (MCA). The resolution (FWHM) of the spectrometry system was 1.8 keV at 1332 keV gamma-ray line of 60 Co. Spectrum of every sample was collected for 25000 seconds (7 h). Spectrum analysis was performed with using of computer gamma analysis software Genie-2000 (model: S501) and calibration software LabBOCS (model: S574) and ISOCS (model: S573).
As mentioned above, before gamma spectrometric analysis soil samples were sealed for 3 months to reach the equilibrium of 214 Pb and 214 Bi with 222 Rn. It was assumed that 226 Ra and 228 U are in equilibrium. To measure the activity concentrations of radionuclide i in Bq/kg, for the peak energy E, the following equation was used (Dhawal et al., 2013; Hussain and Hussain, 2011; Alaamer, 2008) :
where C Ei is the total count of a peak at energy E, C eff is the detection efficiency at energy E, g is the percentage of gamma emission probability of the radionuclide i for a transition at energy E, m is the mass in kg of the measured sample and t is the counting time. Table 2 , where apart from natural sources it shows 137 Cs of one of the most important artificial soil pollutant concentrations.
As it can be seen from 
Absorbed dose rate in air (D)
If the activity concentrations of radionuclides in soil is known assuming that radionuclides are uniformly distributed in the soil, then exposure dose rate in air causing these radionuclides can be found (UNSCEAR, 2000; Dhawal et al., 2013; Hussain and Hussain, 2011) . The absorbed dose rate in air is calculated by the following formula (UNSCEAR, 2000): 
Annual effective dose rate (E)
When calculating the annual effective dose rate exposure to population, the following factors should be taken into account (UNSCEAR, 2000; Hussain and Hussain, 2011): a) Coefficient of transferring from absorbed dose to effective dose (0.7 Sv/Gy) and b) So called "occupation factor", i.e. how long a human stays outdoor and indoor. According to UNSCEAR 2000, these factors are 0.2 and 0.8 (a person spends 20% of time outdoors and 80%-indoors). A summarized effective dose rate is calculated by means of the following formula (Dhawal et al., 2013; Alaamer, 2008) :
where D is the absorbed dose rate in the air; Q is the conversion factor of 0.7 Sv/Gy, which converts the absorbed dose rate in the air to human effective dose received; and T is the time during 1 year, i.e. 8760 hrs.
According to the results given in Table 3 , in our case, the mean annual effective dose rate is 0.55 mSv/y, which is a little higher than world mean value i.e. 0.48 mSv/y (UNSCEAR, 2000; Hussain and Hussain, 2011) , but is still higher.
Radium equivalent activity (Ra eq )
Radium equivalent activity is calculated by considering the hazards that are connected with the use of building and other types of industrial materials containing 238 K, respectively. To avoid the expected risks of exposure, the material which contains more than 370 Bq/kg radium equivalent activity should not be used for industrial purposes (Dhawal et al., 2013; Alaamer, 2008) . From Table 3 can be observed that the mean value of radium equivalent activity according to our results equals to 182.37 Bq/kg, which is less than above mentioned recommended maximum value.
External hazard index (H ex )
One of the characteristics of irradiation risk for the population is considered the so called external hazard index, which is calculated in the following way (Hussain and Hussain, 2011) :
where A U , A Th and A K are activity concentrations of 238 U, 232 Th and 40 K, respectively. To avoid the expected risks the external hazard index should be less than 1, which corresponds to maximally admissible radium equivalent activity 370 Bq/kg (Hussain and Hussain, 2011; Kessaratikoon and Awaekechi, 2008) . According to results given in Table 3 , in our case the mean value of external hazard index is 0.49, which is less than the above recommended limit.
Correlations
Figs. 4 and 5 graphically presents the correlations of radionuclide concentrations (contents) 232 Th/ 238 U and 232 Th/ 40 K. Fig. 6 shows the correlation of annual effective dose rates with parent rocks according to sampling sites. In the results presented it can be observed increased concentrations. For instance, an increased concentration of 238 U isotope is at site 15, which is one of the main water catchment areas. With the aim of taking into consideration geochemical factor during the process of soil formation, Digital Elevation Model (DEM) of the relief in a geo-informational system ArcGIS 10.4.1 has been developed, water flow has been modeled and a combined scheme of natural radionuclide distribution in the soil and geological structure have been created (Fig. 8) . 
Discussions
As it can be seen from Fig. 8 , the increased concentrations of natural radionuclides are in a certain correlation with the direction of water flows. Increased concentrations can be observed at their gathering points. Besides, as the combined scheme shows, the distribution of natural radionuclides are obviously related to the type of parent rock. Namely, the soils emerged at the expense of Late Variscan granitoids of Khrami massif, more apparently reveal higher natural radioactivity compared to Neogene and Quaternary lavas.
Mean value of absorbed dose rate in the air calculated according to natural radionuclide concentrations in the soil, in our case equals to 89.51 nGy/h. The obtained result is considerably higher (by 32.5 nGy/h) than the world mean value (Fig. 9) , which is 57 nGy/h (UNSCEAR, 2000; Dhawal et al., 2013) . But as it was mentioned above, our research covers Khrami massif, and where due to the spread of granitoids natural radioactive factors must have been increased.
Mean value of annual effective dose rate of 0.55 mSv/h is slightly higher than the world mean value (Fig. 10) , which is 0.48 mSv/h (UNSCEAR, 2000; Hussain and Hussain, 2011) . But the obtained value is less than the recommended limit established by ICRP which is 1 mSv/h (Dhawal et al., 2013; Hussain and Hussain, 2011) . However, as it is known during the formation of the total radiation hazard, to gamma radiation portion generated by natural radionuclides is added some other significant components such as: the portion caused by the spread of artificial pollutants, cosmic radiation, radon inhalation, spread of natural and artificial pollutants and their concentration in drinking water and food, as well as professional activities, radiation impact in medical sphere etc (UNSCEAR, 2000) . Mean value for radium equivalent activity according to our results is 182.37 Bq/ kg, which is less than maximally admissible limit set by UNSCEAR, which is 370 Bq/kg (UNSCEAR, 2000) . This indicates that the territory under this research is free from the threats caused by radium and its decay product radon, especially that there are no regional deep faults on the territory (Geological map, 1995).
For external radiation index all mean values are below 1, which means that the populated localities on the territory is not exposed to radiation hazard that exceeds the limit. Based on the research, terrestrial background radiation of a specific region has been studied for the first time in Georgia, taking into account its geological and geographical peculiarities. Despite the fact that the research has shown relatively high characteristics of radioactivity in the soils, exposure of the population to radiation hazards as a result of assessment is lower than internationally permissible limits and recommendations.
The research and methodology can be used in other similar studies to be carried out in Georgia, as well as other regions of south Caucasus, which will favor the further creation and development of a single analytical and information database on the current situation in south Caucasus regarding terrestrial radioactivity and in general, radiation hazard safety.
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